ABSTRACT
T
he treatment of painful vertebral compression fractures (VCFs) has changed substantially since the introduction of vertebroplasty in the mid-1980s. 1 The advent of balloon kyphoplasty in the late 1990s represented a new variation of the procedure by using balloons to reduce the vertebral fracture and create a void within the vertebral body. 2 Both procedures were widely accepted with vertebral fractures treated reaching 150,000 per annum in 2009 before the publication of 2 randomized controlled trials comparing vertebroplasty with a sham treatment published in the New England Journal of Medicine in August 2009. [3] [4] [5] The publication of the trials generated a substantial controversy because the results seemed to fly in the face of clinical experience; consequently, numerous societies and physician groups issued statements commenting on the conclusions of the studies. The Society of Interventional Radiology 6 and the North American Spine Society 7 issued statements commenting on the trials with the Society of Interventional Radiology stating that "based on the … weakness in the studies and the degree of discordance between the outcomes of these studies, prior studies and experience, we believe it is premature-and possibly incorrect-to conclude that vertebroplasty is no better than a control sham procedure" and the North American Spine Society stating that " [b] eyond the lay press releases which claim 'Vertebroplasty found to be useless for osteoporotic fracture and disk pain,' it is time for cooler heads to prevail. The medical literature thirsts for evidence. The data from these two studies must be considered carefully and thoughtfully.… More practical conclusions should be made based on a thorough and systematic review of all the literature to better define the subgroup of patients for which vertebroplasty might be most appropriate." Since 2009, a flood of information has discussed vertebral augmentation (VA), a term that includes vertebroplasty (VP) and balloon kyphoplasty (BKP). This information provides valuable insight into the treatment of patients with osteoporotic VCFs. It is worth evaluating this information especially because it relates to current recommendations that are often followed blindly by medical and administrative groups unfamiliar with either the VA procedures or the high level and unpresented body of evidence surrounding VA.
To streamline the evaluation of some current recommendations, we limited the analysis to the recommendations found on UpToDate.com. This Web site is an evidence-based, peer-reviewed source of information available for patients, doctors, health insurance companies, and population-based medical decision-making. Taking the recommendations point-by-point from the Web site and comparing them with evidence-based information found in the medical literature will simplify the process.
UpToDate.com on Pain Relief Benefits of Vertebroplasty
Short-term placebo-controlled (sham procedure) trials of vertebroplasty in patients with osteoporotic compression fractures have not shown a significant benefit in reducing pain. 8, 9 Thus, we do not recommend vertebroplasty or kyphoplasty for the treatment of osteoporotic compression fractures.
Evidence-Based Information. The authors are basing their recommendation not to treat on 2 trials published in 2009. 4, 5 These articles are vertebroplasty articles only, but the authors extrapolated their recommendation to BKP as well, it being a different procedure.
There are 1587 vertebral augmentation articles in the English language. The most recent meta-analysis published in 2012 is the first one of only level 1 and 2 data, and it evaluated 27 studies, including 8 randomized studies. 10 The authors concluded after analyzing this body of literature in great detail that both VP and BKP provide significant pain relief and a 50% reduced rate of additional fracture over nonsurgical management. They also concluded that BKP has better anatomy restoration and may be more beneficial than VP for improving quality of life and disability. A recommendation against a procedure that has very strong support by a large body of high-quality literature is not a logical recommendation, but to extrapolate that recommendation to a procedure that has even greater support in the literature is a non sequitur.
UpToDate.com on Pain Relief and Patient Selection
In unblinded randomized trials comparing vertebroplasty with pain management, there was greater improvement in pain immediately after vertebroplasty (1 day) but not at 2 weeks, 11 3 months, 12 or 12 months. 13 In 1 trial, the improvement in pain after vertebroplasty was significant at 1 day, 1 month, and 1 year. 14 However by the 1-month and 1-year time points, the between-group differences in the reduction in mean pain score (Ϫ2.6 and Ϫ2.0, respectively) were of uncertain clinical significance. In addition, more than half of the patients who initially qualified for the study had spontaneous reduction or resolution of pain (mean pain score, Ͻ5) during screening and therefore were not eligible for inclusion in the study.
Evidence-Based Information. The authors stated that the VERTOS trial, 11 a randomized controlled trial investigating percutaneous vertebroplasty with optimal pain medication treatment, showed no greater improvement of pain after 2 weeks. They then compared this pain measurement with 2 additional time points (3 months and 12 months) in 2 studies different from the VERTOS trial. This comparison has too much heterogeneity to allow an appropriate comparison, and the "snapshot in time" implication that there was no difference in pain levels is not what the VERTOS trial concluded. Rather, the VERTOS authors reported that "pain relief and improvement of mobility, function, and stature after VP is immediate and significantly better in the short term compared with medication treatment." 11 The additional 2 studies by Rousing et al 15, 16 were 3-and 12-month follow-ups of the same patients. The authors of UpToDate.com did not mention that in these studies, the pain score before and after the operation in the VP group was 7.9 and 2.0, respectively, a significant decrease, and that assessment of back pain 1 month after discharge from the hospital showed a significantly lower Visual Analog Scale score in the VP group over the conservative group. The referenced studies are also small with a combined total of 133 patients and especially small compared with the much more highly regarded VERTOS II trial with 202 patients, which found consistent and significant pain relief at 6 different measurements at the conclusion of the study at a year. 14 A recent meta-analysis on VP, which was the first to include all the available prospective evidence, including 9 prospective controlled trials (6 of which were randomized controlled trials), concluded that compared with nonsurgical management (NSM), VP was more effective in relieving pain and in improving the quality of life for patients with VCFs. 17 This meta-analysis was also substantially larger, quadrupling the sample size compared with previous meta-analysis.
A comment was made by the UpToDate.com authors that "more than half of the patients who initially qualified for the study had spontaneous reduction or resolution of pain (mean pain score Ͻ5) during screening and therefore were not eligible for inclusion in the study." 17 We believe that this is an entirely appropriate execution of the inclusion/exclusion criteria. VCFs can heal and often do, but when they are present, these fractures tend to cause pain that most patients would rate at least a 6 or 7 of 10.
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When patients are included in fracture assessments that have fewer than 6 of 10 levels of pain, the pain is likely not coming from the fracture. The INVEST trial, investigational vertebroplasty safety and efficacy trial, previously referenced by the UpToDate.com authors had a pain level of Ն3 as an inclusion criterion, which could certainly have allowed many patients to be evaluated for the treatment of their fractures who did not have pain related to the fracture at all. Additionally, in this trial, they screened 1812 patients to enroll 131. This trial has a far greater discrepancy between screened and enrolled patients than the VERTOS trial and could certainly give rise to significant selection bias.
UpToDate.com on Timing of Vertebral Augmentation
VP and BKP are performed in an outpatient setting, though the optimal timing related to fracture acuity is unclear. 19, 20 Evidence-Based Information. A meta-analysis of all of the level 1 and 2 data shows that surgical intervention within the first 7 weeks yielded greater pain reduction than VCFs treated later. 10 The UpToDate.com authors referred to an article by Ledlie and Renfro 19 in regard to the timing of VP and BKP, but according to Dr Ledlie, the article does not address the timing of BKP and only the average age of the fractures in the series was reported. He also stated that this was a report on an historical series and not a recommendation for the timing of BKP.
The Kaufmann et al 20 reference in support of the UpToDate statement actually concluded that "VP is a highly efficacious therapy for relief of pain and improvement in mobility, regardless of fracture age." The authors also noted that the longer the fracture had been present, the greater was the need for postprocedural anesthesia. The information determined is that painful VCFs are well-treated regardless of age and that the sooner they are treated, the less the requirement will be for postoperative pain medication.
UpToDate.com on Short-and Long-Term Benefits
The potential short-term benefit for both procedures is improvement in pain, whereas potential long-term benefits include prevention of recurrent pain at the treated levels, limitation or reversal of height loss and spinal deformity, and improved functional capability.
Evidence-Based Information. These assertions are not referenced but state that VP and BKP provide short-term benefits in pain. If all of the best level 1 data that follow a patient Ͼ6 months are analyzed, the benefit is consistent and persistent for the treated patients up to 2 years. 10, 11, 17 The long-term benefits are more difficult to accurately characterize because these patients are not typically followed for Ͼ2 years, but on the basis of current information, if the patient does not have an additional fracture or other spine injury, their pain relief should be durable.
UpToDate.com on Randomized Controlled Trials on Vertebroplasty
In 2 short-term, blinded trials comparing vertebroplasty with a sham procedure, there was no immediate or delayed benefit of vertebroplasty. 4, 5 One of these trials compared vertebroplasty with a simulated procedure without cement in 131 patients who had 1-3 painful osteoporotic VCFs. 4 The primary outcomes were pain intensity during the previous 24 hours and disability, measured by the modified Roland-Morris Disability Questionnaire. The improvement in pain and disability scores was similar in both groups at all time points (3 days, 2 weeks, 1 month). In both groups, the greatest improvement occurred within 3 days of the procedure and was maintained at 1 month. In these 2 trials, patients assigned to the sham procedures received the same subcutaneous and periosteal anesthetic as those assigned to the full vertebroplasty procedure. The anesthetic, rather than the vertebroplasty procedure itself, may account for some of the immediate pain relief noted in unblinded trials. 4, 16 On the basis of the available data, we do not recommend vertebroplasty for pain reduction in patients with osteoporotic compression fractures.
Evidence-Based Information. The UpToDate.com authors focused on 2 randomized controlled trials published in 2009. 4, 5 There is no mention of an analysis of the total body of literature for making a treatment decision. As mentioned above, a metaanalysis published in 2012 was the first to include all available prospective evidence, including 6 randomized controlled trials. 4, 5 This meta-analysis concluded that compared with NSM, vertebroplasty was more effective in relieving pain and in improving the quality of life for patients with VCFs. We believe that recommendations should be based on all of the available high-quality data, not just 2 small selected studies.
In regard to the 2 randomized controlled trials published in 2009, these studies are highly controversial and have generated a large amount of discussion. Most of the issues focus on the execution of these 2 trials. Some of the primary criticisms were that the INVEST trial was underpowered (target enrollment was 250 versus the actual enrollment of 131) and that both studies had prominent selection bias. The crossover of patients in the INVEST trial was far greater for those patients crossing over from sham to VP (51%) compared with vice versa (13%). The clinical and imaging diagnostic criteria for inclusion were very different from those in most randomized controlled trials, with patients having a pain score of Ն3 on the Visual Analog Scale being eligible for inclusion, and there was no requirement for MR imaging or nuclear bone scanning for diagnosing the VCFs. There was also no description of a clinical examination used to determine whether the pain came from the VCF itself or from another problem, and the trial of Buchbinder et al 5 assessed "overall pain" rather than spine-related pain, undermining the validity of the measurement in this population replete with potentially comorbid painful conditions. There was also criticism that the INVEST trial was not a true sham, with 63% of the patients receiving sham treatment correctly guessing that their treatment, and the injection was performed with a paraspinal injection of local anesthetic, which has been used to successfully palliate patients' pain from VCFs for up to 8 weeks. 21 Despite all of these limiting factors, if the same response rate for the 131 patients had been obtained on the originally intended 250 patients, VP would have been found to be significantly better than sham treatment at a P value of Ͻ .01. Despite the low enrollment of only 131 patients, if only 1 patient had reported a different response (ie, a favorable response in the VP group or an unfavorable response in the sham group), VP would have been found to be significantly better than a sham, with a P value of Ͻ .04. Given the near-equivocal nature of this information, it is an inappropriate trial on which to base significant population-based recommendations and, in our opinion, the quality of the assessment in these trials was far less than in other trials that had a greater number of patients. 8, 9, 14, 16 UpToDate.com on Kyphoplasty Data from randomized trials are limited. In the largest trial to date, 300 patients with 1-3 acute vertebral fractures were randomly assigned to balloon kyphoplasty versus nonsurgical care (not a sham procedure as in the above vertebroplasty trials). 12 After 1 month, patients assigned to kyphoplasty had greater improvement in the Short-Form 36 physical component summary scale, a validated quality of life measurement. However, after 12 months, the difference in improvement between the 2 groups was no longer significant.
Evidence-Based Information. The authors stated that randomized controlled trials on BKP are limited. Of the 27 articles identified by Papanastassiou et al 10 in their summary of all level 1 and 2 data on VA, 18 of the studies involved BKP. All these studies by definition included Ͼ20 patients, and the BKP articles included the FREE trial, efficacy and safety of balloon kyphoplasty compared with non-surgical care for vertebral compression fracture, with 300 patients, and a trial comparing BKP and VP with 100 patients. 12, 22 The conclusion of Papanastassiou et al regarding BKP was that it decreased pain to a greater degree than VP (5.07 versus 4.55 points on the Visual Analog Scale) and resulted in significantly better improvement in the quality of life than both VP and NSM. This meta-analysis was taken from 1587 articles on vertebral augmentation, more articles than in any other area of spinal medicine. If the authors' contention is that the trials are limited for BKP, then it would follow that there is no other area of the spine that had anything but limited information. It is our contention that there is more than adequate information on which to base a decision that BKP is effective.
The UpToDate.com authors also stated that significant differences in Short-Form 36 were only short-lived, not significant after 12 months, but they did not mention any other parameters measured, ignoring the conclusion of the authors that reduction in pain, EQ-5D (a measure of health status), quality of life, patient satisfaction, and kyphotic angulation remain statistically significant at all time points throughout the 2 years measured. It is also troubling that the authors of UpToDate.com singled out the lack of statistical significance of a single time point in the Short-Form 36 physical component summary when all other time points measured up to a year were significant and all of the time points of the Short-Form 36 Bodily Pain Scale throughout the entire study were significant.
UpToDate.com on Adverse Effects of VP and BKP
Vertebroplasty and kyphoplasty are not without risk. Shortterm complications occur predominantly because of extravasation of the cement and may include increased pain and damage from heat or pressure to the spinal cord or nerve roots, 22 and rarely cement embolization. 23 Extravasation has been reported in 11%-73% of vertebroplasty procedures, 24 and less commonly with kyphoplasty.
Evidence-Based Information. The authors stated that short-term complications occurring from cement extravasation may occur from heat producing damage to the nerve roots or spinal cord, and they referenced an article from Watts et al, 22 who stated directly that "theoretically, local heat might damage adjacent tissues because of the exothermic reaction, but the surrounding vascularized tissues, particularly the dura, act to reduce local heat effects. Local tissue damage has been reported only anecdotally." This finding has remained true with time, and exothermic damage to neural elements and other structures is either very rare or nonexistent. A recent randomized controlled trial of 256 patients examined the differences between traditional polymethylmethacrylate (bone cement) and Cortoss (Stryker, Kalamazoo, Michigan), an injectable, combeite glass ceramic tri-resin polymer with little to no exothermic reaction. The study showed no difference in complication rates, no evidence of adverse exothermic events with bone cement, and no difference between cements in the reduction of the patient pain levels. 13 The authors also characterized cement embolization and extravasation as adverse effects. A better description reveals embolization and extravasation as extremely common with embolization occurring in 5%-23% of all patients and extravasation in up to 73% as stated above. [23] [24] [25] [26] [27] Most important, however, is the point that most embolisms and extravasation are neither symptomatic or adverse. A review of all of the level 1 and 2 data shows that most studies did not either report or encounter any serious adverse events. Overall, the literature suggests that both procedures had safe serious adverse event profiles with occasional case reports of symptomatic cement extravasation in the VP arm. [28] [29] [30] [31] [32] [33] [34] [35] The risk of performing VA should be balanced with the risk of withholding the procedure because these patients are typically debilitated and have a mortality rate of 8.6 times that of agematched controls and have a 40% greater mortality after 8 years. 36, 37 In the first longitudinal, population-based comparison of mortality risk between surgical and nonsurgical groups, a Medicare dataset from 2005 to 2008 comprising 858,978 patients with VCFs was analyzed. 38 This included 119,253 patients treated with BKP, 63,693 patients treated with VP, and the remainder treated with NSM. The findings at the 4-year follow-up showed that the VA treatment group was 37% less likely to die than the NSM group and that the adjusted life expectancy was 85% greater for the VA group. The adjusted life expectancy for the BKP was greater than that of VP and was increased 115% compared with the NSM group. Overall the median life expectancy was increased between 2.2 and 7.3 years across all treated groups compared with nonsurgical management. A retrospective review of the treatment of refractory osteoporotic VCFs by Gerling et al, 39 in which treatment with VA was compared with NSM in a hospital setting found a significant survival advantage (P Ͻ .001) for patients treated with VA over those patients treated with NSM, regardless of comorbidities, age, or the number of fractures diagnosed at the start date.
UpToDate.com on Adjacent-Level Fractures
Two retrospective reviews of patients treated with vertebroplasty found a high rate of new vertebral fractures. [40] [41] [42] In 1 report of 177 patients, 22 patients developed 36 new vertebral body fractures. Of the 36 fractures, 67% involved vertebrae adjacent to a previously treated level and 67% occurred within 30 days after the initial treatment. 32 In another study of 432 patients treated with vertebroplasty, 84 patients had new vertebral fractures occurring within 4 months of the procedure. 41 Evidence-Based Information. If all of the level 1 and 2 data on VA are analyzed rather than focusing on particular studies, the adjacent-level fracture rate for those patients treated with VA was 11% compared with 22% for those patients treated with NSM. 10 The rate of adjacent-level fractures in untreated patients was 20%. 40, 43 Not only does there appear to be no increased risk of adjacentlevel fractures, but there is also very strong supporting evidence that treatment with VA reduces the rate of adjacent-level fractures by half.
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CONCLUSIONS
Substantial scientific contributions to the English literature on vertebral augmentation rival nearly any other topic in the spine. If the highest quality portion of that literature is analyzed, the conclusions that can be drawn are that vertebral augmentation was significantly better than nonsurgical management for decreasing pain and if the fracture was treated in the first 7 weeks, the pain reduction was better. This analysis also showed significantly fewer additional fractures for those patients treated with vertebral augmentation rather than those treated with nonsurgical management, and those patients treated with kyphoplasty had a significantly better improvement in their quality of life than those treated with vertebroplasty.
Most of the best contributions to the literature have been relatively recent, and many of the analyses and recommendations have been based on older literature. The data show significantly higher mortality rates in those treated with nonsurgical management compared with those patients treated with vertebral augmentation; these findings emphasize the importance of offering the treatment most likely to benefit the patient. The data show these benefits to be pain reduction, fewer additional fractures, and improved quality and length of life. If all of these factors are taken into consideration, it appears that the information on UpToDate is out of date.
